Development of Autonomous Unmanned Vehicle (AUV) involves a great task to fully understand the overall working principles of an UAV that needed time, experience and a wide range of intelligence to cover the entire scientific facts. This study is done by means to acquire the fundamental knowledge in understanding the stability and response of an UAV. The longitudinal response and stability of UAV owing to deflection of stern plane during trimmed equilibrium motion can be computed by solving the AUV equation of motion. In this study, the AUV equations of motion were rederived and the solution was computed with the aid of Matlab software. From the existing AUV, a new dimension, weight and speed were specified to be used in the rederivation of the linearised AUV longitudinal equations of motion. From the analysis done, the longitudinal response AUV shows the stem plane and thrust has relatively steady longitudinal control power and quick response characteristic. The results had successfully given a preliminary insight of the specified AUV response and dynamic stability.
Introduction
An autonomous underwater vehicle (AUV) is one of the autonomous robots which can travels underwater. It is an automatic self-propelled platform of research instrumentation which is affords to dive into the preset area of the ocean at a depth up to 6000 m. The AUV will be programmed to accomplish its task and after it is done, it will return to the support vessel. This underwater vehicle is really different with remotely operated underwater vehicles (ROV) which are physically look similar but the ROV are controlled and powered from the surface by an operator or pilot which is connected by an umbilical. It is different with the AUV because it operates in the water independently without the umbilical.
The response of AUV is related with the input variables and output variables which are described by a transfer function. By this transfer function, dynamic properties such as stability characteristics of AUV, time response and frequency response information is readily obtained. AUV's response analysis is important in designing control system of AUV. Thus, this study was done as a preliminary study of AUV to get the initial insight and knowledge in order to understand the dynamic stability, the movement and response of the AUV.
Literature Review
The main parts that contains in the AUV were thruster, fuel tank and fuel, pressure housing, batteries, sensors, onboard computer, communication system, navigation system, light and video camera. The common shape of the AUV is ellipsoid shape which is consists of the combination of oval and cylinder. It is better because it has a high volume and medium in resistance force. The forces that act around the AUV body are buoyancy force, drag force, thrust force and lift force. The center of buoyancy is located at the origin (0, 0, 0) and the center of gravity must be located below the center of buoyancy for balance. This below equation is a guideline to derive the equations of AUV motion. ma (mass, inertia and added mass matrix) = hydrostatics force (weight, buoyancy) + hydrodynamic force (external force from flow)
+ mechanical force (thruster and fins)
The Autonomous Underwater Vehicle test-bed (USM-AUVJ) [1], Mako [2] , and REMUS 600 [3] have been given ideas to specified a new dimensions of AUV to be study in order to derive the longitudinal equations of AUV motion. The shape profiles of the stem plane and rudder follow a standard NACA 0015 section with a standard value of aspect ratio and leading edge angle [4] which will be used in the mechanical force equation.
Methodology
In the initial stage of this study, a newly dimension specified AUV is determined in order to calculate the center of gravity, moments of inertia, buoyancy force, and volume of the AUV.
The variables and notations for the AUV were determined from the six degree-of-freedom and then will be used in the derivation of equations of AUV motions. After the generalized of force and moment equations have been done and arranged, the equations of motions can be gathered in the three planes which were OXY plane, OYZ plane and OXZ plane.
The equations of AUV motion in these three planes then can be simplified by decoupled it and linearized it based on the given conditions and assumptions. The derivations of hydrostatic force and moment with the hydrodynamic force and moment will be done by referring to the literatures and calculation of some coefficients. The mechanical force will be done by using the value of the aspect ratio and span were 4.27 and 0.160 m respectively.
After all the derivation process has been accomplished, the result of each derivation will be gathered together in the longitudinal equations of motion and will be arranging in the matrix form.
The equations of motion will be arranged in the state space form so that the dynamic model becomes easier to be solved by the Matlab software. The stability of AUV motion will be achieved if the Eigenvalues located in the left half of the s-plane, and unstable if the Eigenvalues located in the right half of the s-plane.
After the stability of AUV motion has been detected, the next step is to get the transfer function of the AUV. From the transfer function, the important characteristics of dynamic systems can be determined such as peak amplitude, settling time, rise time and the final value of the graph. This characteristics determined the response of AUV motion either it is dynamically stable or not.
If the AUV motion was not dynamically stable, it must return to the initial stage where the specification of AUV must be determined again.
AUV Specifications
In this study, a smaller AUV was designed compared to the previous designs with ellipsoidal shaped dimension of 2 m long, 0.5 m maximum width and 0.9 maximum heights. Its weight is about 4.587 kg and it moves in steady forward motion of 1.5 m/s. The dimension of AUV is a major issue in developing the mathematical model because from this specification will determined the coordinate of the center of gravity, the value of moment and inertia, surface area and others which these things will affect the next step to calculate the hydrostatics equation, hydrodynamics equation, and mechanical equation.
AUV's Equations of Motion
In fluid mechanics study, equation of motion is one of a set of hydrodynamic equations representing the application of Newton's second law of motion to a fluid system, in which the total acceleration on an individual fluid particle is equated to the sum of the forces acting on the particle within the fluid.
The six degrees-of-freedom nonlinear equations of motion of the AUV vehicle are defined with respect to the two coordinate systems as shown in Figure 1 . Fig. 1 The coordinate systems for AUV [5] Consider the motion referred to an orthogonal axis set (oxyz) with the origin O coincident with cv (cb) as shown in Figure 2 . The body and the axes are assumed to be in motion with respect to an external reference frame such as earth axes. The components of velocity and force along the axes ox, oy and oz are denoted (U,V,W) and (X, Y, Z) respectively. The components of angular velocity and moments are denoted (p, q, r) and (L, M, N) respectively. The point P is an arbitrarily chosen point within the body with coordinates (ax, ay, az). The local components of velocity and acceleration at P relative to the body axes are denoted (u, v, w) and (al, a2, a3) respectively. 
Earth-Fixed Coordinates

Generalized Force and Moment Equations
The resultants components of total force acting on the rigid body are given by [6] ;
Consider now the moments produce by the force acting on the incremental mass at point P in the rigid body. The incremental force components create an incremental moment components about each of the three body axes and by summing these over the whole body, the moments equations are obtained. The moment equations are the realization of the rotational form of Newton's second law of motion. Therefore moments L, Mand N are given as follows.
The motion in the longitudinal oxz plane can be simplified by deducing v = 0, p = r = 0 and p = r = 0
Linearization of Longitudinal Equations of Motion
The linearization of the longitudinal motion is done by assuming, the components of linear and angular velocity are consist of
/>(<) =/>,(') 9(0 = 9,(0 r(0 = r,(0 Where U 0 is the steady forward speed and U l ,V l ,W l ,p l , q x and r x denote the unsteady components of velocity [7] . It is 
Longitudinal Hydrodynamics Forces and Moments
The three components of the hydrodynamic force along the directions x, y, z are denoted by X, Y, and Z respectively, and the three components of the hydrodynamic moment by L, M and N. The three components of force and moment are then expanded up to first order terms in the linear velocities u, v and w and the angular velocities p, q and r. these velocities represent perturbations to the equilibrium condition of steady state forward motion. The equations for all the components are [8] Where,
Consider a thin foil with zero camber and an elliptical planform, so the aspect ratio is high, the angle of attack, a is small and consider steady incident flow in infinite. By using the Prandtl's lifting theory, the drag and lift coefficient will become [12] ; 
Mechanical Force
The aspect ratio and span were 4.27 and 0.160 m respectively. By using the formula below, the chord at midspan can be calculated [7] .
The speed of AUV is steady forward motion with 1.5 m/s and the coefficients that involved in the mechanical force equation are as below [7] : 
Result and Discussion
The longitudinal response to stern plane is shown in Figure 3 in which the input was a 5 degree stern plane step.
Step Response From: &lern Tine (sec) Fig. 3 Longitudinal response owing to 5 degree stern plane input
The longitudinal response to stern plane is shown in Figure 3 in which the input was a 5 degree stern plane step. The value of peak amplitude at linear velocity, u is -144 m/s at 0.257 sec and the settling time for the graph is 2.32 sec. The value of peak amplitude at linear velocity, w is 4.18 m/s at 0.0901 sec and the settling time for the graph is 2.57 sec. The value of peak amplitude at angular velocity, q is -22.1 m/s at 0.103 sec and the settling time for the graph is 2.58 sec. The value of peak amplitude at pitch angle, 0 is -2.92 m/s at 0.206 sec and the settling time for the graph is 2.47 sec. The magnitudes of the response variables were small and the time taken for the transient to settle down was in order of approximately 5 seconds. The magnitude and time scale of response from the input variables clearly demonstrated a relatively steady longitudinal control power and a rather fast response characteristic.
While, the longitudinal response to a 5 Newton step increase in thrust is shown in Figure 4 .
Step Response
From: thrust Time (sec) Fig. 4 Longitudinal response owing to 5 Newton step increase of thrust input While, the longitudinal response to a 5 Newton step increase in thrust input is shown in Figure 4 . The value of peak amplitude at linear velocity, u is 0.224 m/s at 0.399 sec and the settling time for the graph is 1.24 sec. The value of peak amplitude at linear velocity, w is -0.00146 m/s at 0.245 sec and the settling time for the graph is 2.72 sec. The value of peak amplitude at angular velocity, q is 0.0072 m/s at 0.245 sec and the settling time for the graph is 2.72 sec. The value of peak amplitude at pitch angle, 6 is -0.000573 m/s at 0.142 sec and the settling time for the graph is 2.62 sec. It was clear that the linear velocity at yaxis motion w response, angular velocity at rotation about y-axis q response and pitch angle response to a thrust change was small. The significant response to a thrust change was in linear velocity at x-axis u. The magnitude and time scale of response for input variables and output variables confirmed that longitudinal control power was steady and response was almost perfect.
Conclusion and Future Works
The longitudinal response of stem plane with a 5.0 degrees stem plane step has a small magnitude and time taken for the transient to settle down was in order of approximately 5 seconds. Meanwhile, the longitudinal response to a 5 Newton step increase in thrust was clear that the linear velocity at y-axis motion w response, angular velocity at rotation about y-axis q response and pitch angle response to a thrust change was small. The significant response to a thrust change was in linear velocity at x-axis, u. The magnitude and time scale of response for input variables and output variables confirmed that longitudinal control power was steady and response was almost perfect. Then, this study concluded that the specified AUV mission and requirement was dynamically stable.
For future studies, the time response can be enhanced by designing control system of the airship for more accurate and precise closed loop dynamic stability analysis. Besides that, some effort can also be made by using another specified dimension, weight and speed requirement AUV in order to get the stable design of AUV. In this study, only the longitudinal equations of motion that had been solved because there were many obstacles and the difficulties to get the literature about the development of mathematical model of AUV. This study can be continued by solving its lateral equations of motion of AUV. 
